A cloned 2-kb EcoRI fragment (fragment f) from a 34-kb plasmid ofLactobacillus helveticus CNRZ 1094 was shown by dot blot to specifically hybridize to total DNAs of 75 L. helveticus strains. No hybridization was found with L. acidophilus, L. crispatus, L. delbrueckii subsp. bulgaricus, L. delbrueckii subsp. lactis, L. gasseri, or L. intestinalis strains. When Southern blots of EcoRI digests of L. helveticus strains were probed with fragment f, these strains displayed restriction fragment length polymorphisms on the basis of which they could be grouped into several clusters.
Lactobacillus helveticus is one of the Lactobacillus species found in thermophilic starters used in high-temperature cook cheeses (2) . This species can also be found in traditional fermented milk products such as yogurt (10) or Bulgarian sour milk (6) . In all these milk products, L. helveticus is often associated with Streptococcus salivarius subsp. thermnophilus and also with other lactobacilli, particularly Lactobacillus delbrueckii subsp. bulgaricus and Lactobacillus delbrueckii subsp. lactis.
From a taxonomic viewpoint, L. helveticus forms a distinct species related to Lactobacillus acidophilus but which has been well adapted to grow actively in milk and milk products (11) . In contrast, L. helveticus is quite distant from the L. delbrueckii group, e.g., the dairy subspecies L. delbrueckii subsp. bulgaricus and L. delbrueckii subsp. lactis. Routine characterization of new isolates of the thermophilic dairy lactobacilli relies on few and poorly discriminating phenotypic traits (1) that can bring about confusion for culture collections as well as for dairy technologists. In addition, L. helveticus has frequently been confused in the past with Lactobacillus casei subsp. rhamnosus because of its former denomination, Bacillus casei e (17, 20) .
The use of highly specific nucleic acid probes to distinguish dairy lactic acid bacteria has been reported recently for lactococci and leuconostocs (12, 18) , S. salivarius subsp. thermophilus (4), L. delbrueckii (7) , and L. helveticus (16) . In one study (16) , three cloned HindIII fragments from the genome of type strain L. helveticus N2 (ATCC 15009) strongly hybridized to 35 L. helveticus strains and also gave weaker hybridization signals with six L. acidophilus strains. This observation confirmed the close relationship between these two Lactobacillus species which had been suggested previously (11) .
In the present study, we report on a highly specific DNA probe for L. helveticus that can also discriminate L. acidophilus isolates. The probe was found during the course of a study on a particular restriction-modification system of three L. helveticus strains (8) . Cloned DNA fragments from a 34-kb plasmid present in restrictive strain CNRZ 1094 were found to hybridize strongly to total DNA digests of several other L. helveticus strains. A 2-kb EcoRI fragment (fragment f in reference 8) of the 34-kb plasmid was cloned into the Escherichia coli vector pACYC184 (the recombinant plasmid was called pCG36) and was found to be potentially useful as a specific probe for L. helveticus. This observation prompted a thorough examination of the specificity of fragment f for L. helveticus strains in comparison with a wide range of bacterial families, including several species of lactobacilli as well as other lactic acid bacteria and some representatives of more-distant bacterial species.
Bacterial strains used in this study are listed in Table 1 . They include 72 strains previously classified as L. helveticus. Lactobacillus and Leuconostoc strains were grown in MRS broth (Difco) at 37 and 30°C, respectively. Enterococcus, Lactococcus, and Streptococcus strains were propagated in M17 broth (Difco) containing 1% glucose. With the exception of S. salivarius subsp. thermophilus, which was incubated at 37°C, these strains were grown at 30°C. The transformant E. coli CNRZ 1355(pCG36) was grown with shaking at 37°C in Luria-Bertani broth (19) supplemented with tetracycline (12.5 ,ug ml-').
Total DNAs were extracted from bacterial strains as described previously (8) primed DNA labelling kit from Boehringer (Mannheim, Germany) and was eluted from unincorporated nucleotides by using a Sephadex G50 spin column.
A restriction map of fragment f is presented in Fig. 1 . Table 1 helveticus and a phage sensitivity pattern characteristic of this lactobacillus (data not shown). In the same way, three strains identified as L. delbrueckii subsp. bulgaricus (ATCC 11977, ATCC 27558, and ATCC 33409) but recently reclassified as L. helveticus (7, 16) were confirmed to behave as typical strains of the latter species. This was also the case with strain CNRZ 829 (IMPC Z18), which appeared correctly classified in the CNRZ collection, though it was originally described as an atypical strain exhibiting properties of both L. delbrueckii subsp. bulganicus and L. helveticus (5) .
The fragnent f probe was hybridized with DNAs of other Lactobacillus species. Under our experimental conditions of high stringency and high target DNA levels, strains from either L. delbrueckii subspecies or from L. acidophilus and its phenotypically related species (including Lactobacillus crispatus, Lactobacillus gasseni, and Lactobacillus intesti- (Table 1 and Fig. 2, lanes 10 through 12) . The negative results obtained with strains of the "L. acidophilus group" are in contrast with those of Pilloud and Mollet (16) , who found homology between L. acidophilus DNAs and their probes. On the other hand, it has also recently been shown that specific probes for L. gasseri did not hybridize with L. helveticus NCDO 481 (CNRZ 1098) used as a control (14) . Finally, no hybridization of the fragment f probe with DNAs of other species of lactic acid bacteria or of more-distant bacteria was observed (Table 1) , thus confirming the probe's potential as a very useful tool for identifying L. helveticus species.
Southern blots of total DNAs from 74 probe-positive lactobacilli (strain CNRZ 1081 was not included in the survey) digested to completion with EcoRI were hybridized with fragment fin order to determine whether this probe was useful for typing further the L. helveticus strains. Hybridization patterns showed between 10 and 30 distinct EcoRI bands (Fig. 2) . Thus, the L. helveticus strains displayed characteristic restriction fragment length polymorphisms which were used to cluster the strains with related patterns. As shown in Table 1 , 55 of the 74 L. helveticus strains (i.e., 74% of the strains studied) were grouped into five clusters, A through E, each containing strains with identical or similar hybridization patterns. The hybridization patterns of the 19 remaining strains were all different, and these strains were assigned to a miscellaneous cluster, F. Close relationships among strains were observed in cluster A, in which most strains originated from commercial starter cultures and were introduced into the CNRZ collection between 1963 (strain CNRZ 450) and 1988 (strain CNRZ 1147), i.e., over a 25-year period. On the other hand, the five strains of cluster C, previously studied (8) , also made up a homogeneous group, originating from Finland, and were possibly derived from a common ancestor.
The high level of species specificity of the fragment f probe and its additional ability to detect restriction fragment length polymorphisms in strains of L. helveticus must be considered definite advantages for routine isolation and identification of strains of this species. This probe could help to further clarify relationships and diversity among strains. For these reasons, it could be a useful taxonomic tool in the future. To date, the nature of the fragment f probe remains unknown, but analysis of its sequence is under way.
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